Up to 90% of medial epicondyle fractures treated with conservative measures result in nonunion. However, only 21% become symptomatic. The current case review discusses the history and treatment of a symptomatic medial epicondyle nonunion in a 14-year-old over a 2-year period. Initial conservative treatment was insufficient. However, open reduction and internal fixation afforded the patient a full resolution of symptoms with return to all activities at 10 weeks postoperatively. The patient remains asymptomatic more than 2 years after the initial injury. Open reduction and internal fixation achieved excellent outcomes in the treatment of a symptomatic medial epicondyle nonunion.
F racture of the humerus at the medial epicondyle is common in children, and fibrous nonunion occurs in 90% of cases treated conservatively. 1 Nonunions usually remain asymptomatic, but in some instances, pain and joint instability can develop. How to optimally treat the initial fracture and any subsequent symptomatic nonunion remains controversial.
Statement of Informed Consent
The patient discussed in this case report was informed that data concerning the case would be submitted for publication and the patient agreed.
Case Report
A 14-year-old female patient presented as an outpatient for evaluation of the right elbow pain. The patient initially injured her right elbow 1 year before presentation after running into a wall during her health class. She was seen and treated at an outside hospital. Radiographs at that time demonstrated a medial epicondyle fracture that was displaced 5.5 mm distally (Figure 1 ), and she was treated conservatively in a long arm cast. At 3 weeks, she was transitioned into physical therapy to work on elbow range of motion. Over the ensuing months, she regained near full symmetric range of motion, and at 5 months, she was released by the outside physician to return to sport. At 10 months after injury, she reinjured her elbow playing field hockey, prompting the outpatient referral. At the initial visit, her history focused around the pain she experienced when flexing her elbow. She also endorsed a "popping" and catching sensation with elbow flexion and extension that was associated with Matthew Chorney, MD Daniel Sylvestre, MS Mark Seeley, MD paresthesia in the ulnar distribution of her right hand. Her major limitations from this pain were with overhead activities, specifically throwing motions that place increased valgus stress on the elbow. Her DASH score was 19.2. On examination, she was found to have tenderness to palpation over the medial elbow which was made worse with valgus stress and resisted wrist flexion. She also had a positive moving valgus stress test and milking maneuver. She had a full range of motion in both elbows and was neurovascularly intact in both upper extremities. Radiographs revealed a nonunion of the medial epicondyle with displacement of the fracture distally and anteriorly ( Figure 2) .
Initially, the patient was treated using a hinged elbow brace; however, she failed to experience any pain relief after conservative measures, which included limiting aggravating activities of the elbow, rest, and nonsteroidal anti-inflammatories. Because of the failure of conservative measures, we discussed the various treatment options, which included open reduction with bone graft and possible ulnar nerve transposition. After discussing surgical and nonsurgical managements, the decision was made to proceed with open reduction and internal fixation with bone graft and possible ulnar nerve transposition. Ulnar nerve transposition was included in the preoperative planning because of the patient's preoperative subjective complaints of paresthesias as well as the potential for an extensive intraoperative dissection to facilitate exposure of the fracture bed. Before surgery, the patient underwent electromyography and a magnetic resonance arthrogram of the right upper extremity to further evaluate for ulnar nerve pathology or possible intra-articular derangements, including any osteochondral defects or loose bodies. However, both studies failed to reveal any pathology in the elbow or ulnar nerve.
Procedure
The patient underwent open reduction and internal fixation of the medial epicondyle nonunion with local bone autograft, as well as ulnar nerve transposition. The patient was positioned in the prone position on gel rolls, and a nonsterile tourniquet was applied to the upper extremity. A 5-cm incision was made over the medial aspect of the elbow centered over the medial column. Sharp dissection was carried down to the fascia, and the fragment was encountered almost in the subcutaneous tissue. Visualization of the medial elbow revealed the fibrous nonunion of the medial epicondyle. The fragment was mobile upon palpation and displaced distally and anteriorly. The ulnar nerve was located at the previous fracture bed of the medial epicondyle and was encased in scar tissue. The ulnar nerve was carefully evaluated and explored before being transposed subcutaneously, allowing for further dissection and exposure of the fracture bed. The previous fracture site was curetted and prepped. Local bone graft was obtained from the distal humerus. The fragment was reduced with a bone reduction forceps, and two k-wires were used to secure the fragment into place. A fully-threaded screw was placed with a washer through the medial epicondyle in a lag technique fashion using a gliding hole. A full-threaded screw was chosen to maximize the amount of threads into the humerus. 2 A local bone autograft was placed, and good compression of the graft was achieved. A #2 fiber wire was used to suture in a Bunnell fashion into the flexor pronator mass and was secured with one suture anchor placed proximally to the bed of the nonunion site. The patient was then placed in a long arm splint postoperatively and later transitioned to a hinged elbow brace set at 10°to 90°1 week after surgery. At the 2-week follow-up visit, her range of motion was 0 to 100 with intact sensation in the ulnar nerve distribution. The patients' range of motion was increased over the ensuing 6 weeks. At 6 months postoperatively, the patient had returned to all activities without issue, and her DASH score was 2.5. Radiographs at 8 months demonstrated a healed medial epicondyle fragment (Figures 3  and 4) . Two years since the initial injury, the patient is asymptomatic with a full range of motion, intact sensation in the ulnar nerve distribution, and participation in all activities.
Discussion
Medial epicondyle fractures are common in children, accounting for 10% to 20% of pediatric elbow fractures, with a peak age between 11 and 12 years. The mechanism of injury is usually a valgus elbow force produced by a fall on the outstretched hand or by overhead throwing. 3, 4 The medial epicondyle is typically avulsed distally by the flexor pronator mass and medial collateral ligament. Concomitant elbow dislocation is common (50% to 60% of cases), and approximately 20% of these involve incarceration of the fractured fragment within the elbow joint. 5, 6 This requires meticulous assessment of the injury radiographs to look for any subtle joint gapping that could indicate an incarcerated fragment. 7, 8 Treatment of medial epicondyle fracture in children remains controversial. For fragments displaced less than 1 cm on the radiograph, management has traditionally been nonsurgical, consisting of immobilization followed by gradual resumption of activity. However, recent work by Edmonds 9 indicates that standard radiographs are neither sufficient nor accurate enough to measure true displacement of medial epicondyle fractures. The absolute indication for surgical treatment is an entrapped intraarticular apophyseal fragment. Otherwise, current literature does not offer a consensus as to the exact indications that warrant surgical intervention versus nonsurgical management, because excellent outcomes have been demonstrated in both, even when the fragment heals with a fibrous union. 3, 10, 11 However, surgery has been recommended in patients who place a high demand on the elbow during athletic activities or those who present with ulnar nerve symptoms. 6, 8, 12 A systematic review by Kamath et al showed a 92.5% rate of bony union in surgical versus 49.2% in nonsurgical treatments at the final follow-up. The odds of bony union were 9.33 times increased with surgical fixation versus nonsurgical treatment, and no notable difference was observed in pain or ulnar nerve symptoms at the final follow-ups ranging from 6 to 216 months. Up to 90% of medial epicondyle fractures treated with conservative measures result in nonunion. 1, 11 However, only 21% become symptomatic, presenting with pain, weakness, decreased range of motion, joint instability, or ulnar nerve paresthesia. 10 Few reported cases of symptomatic nonunion exist, but they are more common in high-demand individuals such as athletes who are at higher risk of reinjury after initial conservative treatment. 13 For symptomatic nonunions, both fragment excision and fixation have been advocated. Gilchrist and McKee 14 performed excision of the medial epicondyle with advancement and fixation of the ulnar collateral ligament. All five patients reported increased stability and satisfaction at an average of 10 years after injury. However, a long-term retrospective study by Farsetti et al found fragment excision to be inferior to open reduction and internal fixation. 12 Others have assessed open reduction and internal fixation, with all patients returning to sport and reporting notable improvements in pain and stability. 10 In this case, late repair after failed conservative measures was likely a contributing factor to the extensive perineural scar tissue encountered during dissection. In most cases, adequate exposure will likely require circumferential mobilization of the ulnar nerve to facilitate exposure. Careful assessment of the nerve stability after fracture fixation should be performed to determine whether a transposition should be performed. In the above case, the authors thought that because of the extensive ulnar nerve dissection required to facilitate exposure, in conjunction with the patients' preoperative history, she would benefit from an ulnar nerve transposition. Nonabsorbable suture or Kirschner wires may be used to augment a cannulated screw, or in place of it if the fragment is very small or comminuted. Supplemental bone grafting is usually unnecessary but may be considered when there is inadequate cortical contact or bone loss. Ulnar nerve decompression is recommended when patients present preoperatively with ulnar nerve compression symptoms, and subcutaneous transposition should be considered when there is clear ulnar nerve instability after fragment fixation or to avoid impingement by the screw. 6, 12, [15] [16] [17] When a screw is used, a washer helps avoid fragment comminution or screw migration. 16 In one similar case, a 14-year-old male patient had a history of medial epicondyle fracture that was initially treated conservatively. A radiographproven nonunion remained asymptomatic until a second trauma 2 years later. Open reduction and screw fixation was performed along with ulnar nerve transposition, and the patient returned to sport without any report three months later. 13 A retrospective analysis of 14 cases of symptomatic medial epicondylar nonunion treated with open reduction and internal fixation found excellent results. The mean age at presentation was 14.9 years, although it ranged from 6 to 50 years. At a mean of 3 years after surgery, patients reported statistically notable reduction in pain and improved mobility. Radiographic union was achieved in all but one patient. 18 To conclude, medial epicondyle fracture nonunions are common but rarely become symptomatic. Highly active athletes such as the case presented here are more likely to endure a secondary injury, which precipitates symptoms. In this case, open reduction and internal fixation with one fully-threaded screw accompanied by ulnar nerve transposition achieved an excellent outcome and high patient satisfaction.
